






















Studies on the fabric wrapping operation 




The purpose of this study is to establish a model of the wrapping-with-fabric task and to 
perform the wrapping task by a robot.  
 This paper proposes to model the wrapping-with-fabric task based on the concept of 
“target lines.” Based on the model, a human provides rough wrapping instructions. The 
system then plans the wrapping operation from the shape of the fabric and the object, and 
generates the robot motion. Finally, the task is performed by a robot. 
Although several factories have been robotized, many tasks cannot be robotized currently. 
Such tasks are too complex and delicate. They can be performed only by a human or can 
performed more effectively by a human than a robot. One such task is the handling of 
fabric. A robot cannot perform this task because fabric deforms in a complex manner, and 
therefore, the fabric shape cannot be simulated and measured accurately.  
Until now, for realizing the fabric handling task by a robot, following topics have been 
studied. 
a) Recognition of the shape and the transformation state of fabric 
b) Manipulation of fabric 
c) Manipulation of a fabric sample and an object in combination 
The performance of three-dimensional measurement sensors and computers has 
increased in the recent years. This has facilitated shape recognition studies (labelled as 
topic a above). Progress in shape recognition research has intensified studies related to 
fabric manipulation operations, such as unfolding and folding (topic b). Research into 
combined manipulation of a fabric sample and an object (topic c) is the next step in this 
progression. Such research is necessary for the automation of tasks that require 
interaction between a fabric sample and an object, such as wrapping and winding. The 
expression of the relation between a fabric sample and an object is an important problem to 
solve when considering their combined manipulation. Studies in topic c are fewer than 
those in topics a and b. In view of this background, the current study is in topic c. 
This study investigates the wrapping-with-fabric task by a robot. It focuses on the 
following subjects. 
・A method for appropriately describing the relation between a fabric sample and an object 
・A method for an intuitive instruction of the wrapping operation 
・A method for generating robot motion from the description 
First, this study proposes a method for appropriately describing the wrapping state. To 
design a general model of the wrapping-with-fabric task, describing the state of wrapping 
is the most important step. As the description method, this study introduces target lines, 
which are used in computer graphics. The target lines can be used to describe instruct 
wrapping on not only plane surfaces but also curved surfaces. For the description of 
wrapping on concave and curvature surfaces, this study proposes the concept of “local 
convex” and a method for generating the local convex. 
Second, this study proposes a method for the intuitive instruction of the wrapping 
operation. For the intuitive instruction, this study uses the movement of a human hand. 
By using a teaching device created in this study, the proposed instruction method can 
extract the intention of wrapping from a rough movement. Then, the intention is described 
using target lines. Instead of focussing on an accurate three-dimensional trajectory of the 
hand, this instruction method focuses on the relation between the trajectory and the object 
surface that the trajectory is going to pass. Moreover, for reducing the effect of shaking of 
the hand, this study proposes a correction method for target lines.  
Finally, this study proposes a method for generating robot motion from target lines. For 
execution of wrapping by actual robots, they require not only the description of the target 
lines but also hand paths and robot commands. When a robot handles fabric, it needs 
consideration of the range of motion and collisions. For overcoming such limitations, the 
robot needs to use inter- and intra-hand passing of fabric. For the generation of these hand 
paths and robot commands, target lines specify the essence of wrapping, so the generation 
methods can design both hand paths and robot commands freely. Moreover, this study 
proposes a planning method based on the reliability of various robot movements. The 
planning method generates a movement transition graph of the robot based on the 
reliability of movements. Then the method can plan an optimum combination of inter- and 
intra-hand passing to generate the basic movements of wrapping. 
This study integrates the above methods into a complete fabric wrapping robot system. 
From the rough wrapping instruction of a human, the system describes the wrapping state 
using target lines. Then, from the target lines, the hand paths that describe the fabric 
movement are generated. Finally, from the hand paths, the robot commands as a 
combination consolidation of inter and intra-hand passing are generated. 
 By using the proposed model, an actual robot successfully performed the wrapping 
operation. This study confirmed that the model is effective in describing the wrapping 
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(a) ROBEAR (b) PR2 (c) PEPPER (d) HRP-2
Fig. 1.9: ??????????????????











































































































































1CA ;where 03 = (0;0;0) (2.1)
???? v????A?????? Av?????. Fig. 2.4??????????????
?W ?????????????????? Loj ;Ldj ???? j?????????????
???????????? Ti??????????????????????? to????
??????????? td???????????W tT o ???????????W tT d ?
?????????????????? (2.2)??
kW tT oi  W tT oi 1k= k
W tT di  
W tT di 1
k (2.2)



















????????????????? global convex hull????????????????
??????????? convexity measurement [63–65]????????????????








Fig. 2.7: Global convex hull
????Fig. 2.7(c)??????????????????????Fig.2.7(b)????














??????????????????????????? i = 0; : : : ;N?????????
??????i????????????????? tsi ; tei ????Fig. 2.9(b)???????
i???????????i = 0;N??????????????????????????





























  b    
    b
(c) θsi ???????
Fig. 2.9: ??????
cosθs = f (ab) (b c)g bk(ab) (b c)kkbk (2.3)
???; a = tsi 1  tei ; b = tsi   tei ; c = tsi+1  tei
???4(tei ; tsi ; tei+1)?4(tei ; tsi ; tei 1)?????????????????? cosθei ????


















































???? S????????? ts?te???? to???????????? ts?te????
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??????? T oi ??? K iRT oi ????????? (3.1)???????????????




ktei   tsi k
(3.1)




; mz = mx f ; my = mzmx
? (3.2)?????Fig. 3.2????????? T o? x???mx???????mx? f ?
?mz???????mx?mz??my???????????? T o???????T o?







































Fig. 3.2: ????????? T o???
???Fig. 3.3(a)??????????????????????????????????
????to3 ! to4??????????????????????????????Fig. 3.3(b)
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????? Fig. 3.4?????????????????? toi ????? toi 1??????
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kvik> α?? jθij< β (3.3)
????vi = toi   toi 1; cosθi =
ni  vi































































































































????????????? F = tsi ; tei????????????????????????
?????????????????????? 2.3???????????????
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?????????
cosθsi = CalAngle(4(tsi ; tei ; tsi 1);4(tsi ; tei ; tsi+1)) (3.5)
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??????????????????????????????????tsi 1  tsi+1??




??????????????????4(tei ; tsi ; tei+1)?4(tei ; tsi ; tei 1)??????????



































Algorithm 1 Local Convex Hull, (ts, te)
loop
count = 0
for all i such that 1  i  N 1 do
cosθs = CalAngle(4(tsi ; tei ; tsi 1);4(tsi ; tei ; tsi+1))
cosθe = CalAngle(4(tei ; tsi ; tei+1);4(tei ; tsi ; tei 1))















































































???; nzi =WRT oi (0;0;1)
T; mi = n
z
i  (tci   toi );





??????? T oi ;oi+1;T oi+2???????????Hi;Hi+1;Hi+2??????????






????????????????????????????????????T oi ;T oi+1?
?????????????????
???????????????????????????????? T oi ;T oj ( j = i+
1; i+2;   N)?????????? x??????????????? z????????












T; k = i; j)
????T oi ?? T oi+2????????????? βx;βz???????? (3.8)?
θxi; j < βx ?? θzi; j < βz? (3.8)



























































































































Case1: Fig. 3.14(a)?????36 cm???????? 50 cm?????????????























????? x??? 1 cm?????????????? 1???????????????
????????????????????? x???????????????????
??????????????????????????????????????????
Table 3.1????????? 10?????????????? y???????????



























































µy[mm] µθ[] µy[mm] µθ[]
Input 4.8 (2.2) 3.85 (0.84) 5.1 (2.5) 1.5 (0.6)






































































































































































































































































































































Fig. 3.19: ?????????? (a)?? (b)??? (c)???????? (d)???????

















Input 42.3 (0.8) 0.04 (0.03)
Smoothing 5.2 (2.4) 0.03 (0.01)





























































































































??????????????????H r0 , H l0 ???????????????????
??????????????????????????i??????????????











































???????H0?????????????????? T oi ??????Fig. 4.2???




W TH ri =
W TT oi
T di TH r0 ;
W TH li =
W TT oi














???????????Hi? T oi ???????????????Hi+1????????
???????????Ha????????????????????????????
?????????Hi,Hi+1?????Hb????????????? T oi ,T oi+1?????
?????????Ha?Hb????????????????????????????
??????????? Ti;Ti+1????? θxi;i+1??? βh??????????????
?????Fig. 4.4(b)??????????????????? Ti???????????
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????? [72–78]?PRM [79]? RRT [80]????????????????? [81–83]?







??????? Joint1???????????? 180  180????????????
????????????A? Joint1????? 174?B? Joint1????? 179?C

























































































































































 i 2 f0;1; : : : ;Ng:?????????
 d 2 f0;1; : : : ;Dg:????????
 h 2 f0;1; : : : ;Hg:???
???????????????????????????????????????????
?????????????V (i;d;h)?V (i0;d0;h0)??????????E(V (i;d;h);V (i0;d0;h0))
????????????????????????
 ????????????:Winter(E(V (i;d;h);V (i;d0;h0))
 ????????????:Wintra(E(V (i;d;h);V (i;d0;h))








???????????????????????????? i = 0??????? i = N
?????????????????????????????????????????
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????????????????H = 2????????D = 3????????????











































Winter = kinter Wpose Wgravity Wdirection (4.4)
Wintra = kintra Wpose Wgravity Wdirection (4.5)

























Fig. 4.16: ???????????? θg (a)??????????? (b) θg???
?????????????????????????????????????????
???????????????????????????????????????? d
??????????? d0??? θp????? (4.7)??
θp = jd d0j (0  θp  90) (4.7)

































Fig. 4.17: ????????????????????? θdir (a)????????????
?? (b) θdir???
??? vg????????????????? θg? 19???????????????
??? (4.9)??
θg =
jcos 1 my  vgkmykkvgkj

 90
 (0  θg  90) (4.9)







































 kinter Winter = kinter Wpose Wgravity Wforward  kinter M3
 kintra Wintra = kintra Wpose Wgravity Wforward  kintra M3



























Cinter = NHP 2 (2DD)cinter (4.14)
Cintra = NH (DP 2)cintra (4.15)
Cforward = NHDcforward (4.16)
? (4.14,4.15,4.16)?????????????????????? IK??????????
?????????? IK?????????????????????1????????





















































































































???????????????????????? 40 cm????Fig. 4.25??????








Fig. 4.23: (a)?????????????????? (b)???????????????
??
(a) (b)
Fig. 4.24: ?????????? (a)?? (b)?
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(a) (b)
Fig. 4.25: (a)????????????????? (b)?????????????????
(a) (b)
Fig. 4.26: (a)?????????????????? (b)???????????????
??
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(a) (b) (c) (d)
Fig. 4.27: ?????????? (a)??????????????? (b)???????
??????? (c)??????? (d)?
(a) (b) (c) (d)























Fig. 4.30: ?????????? (a)???? (b)???????? (c)????
(a) (b) (c)



































Fig. 4.35(a)????? 5 cm? L???? 7 cm??????????????????
Fig. 4.35(b)????????????????????????????????????
???????????? L?????? Fig. 4.36???????2??????????
????????????1:0 Wpose;gravity;forward  9:0??????????????? k
????? kforward = 1; kintra = 10; kinter = 10000?????????????? 90????
???????????????????????????
(a) (b)
Fig. 4.35: ???? (a) L?? (b)?????????????
(a) (b)








?Fig. 4.37(a)????????? Fig. 4.38???? Fig. 4.40???????? 1??????
?????? 45????????????????????? 45??????????







??????N = 39;D = 3;H = 2??????????cforward = 1?cinter ' 100  200?













Fig. 4.37: ???????? (a)???? 1 (b)???? 2
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Fig. 4.38: ????????????? 1?
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Fig. 4.39: ????????????? 2?
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(a) (b) (c)
Fig. 4.40: ??????????? 1?
(a) (b) (c)





















































































































[1] ????, “??????????? : ??????????????”, ??????
???, vol.31, no.4, pp.320–325, 2013.
[2] ?? ??, “????????????????”, ?????????, vol.32, no.6,
pp.508–511, 2014.
[3] Allison M. Okamura, Niels Smaby, Mark R.Cutkosky , “An overview of dexterous manipu-
lation”, International Conference on Robotics and Automation, vol.1, pp.255–262, 2000.
[4] Antonio Bicchi, “Hands for Dexterous Manipulation and Robust Grasping : a Difficult Road
Toward Simplicity”, Transactions on Robotics and Automation, vol.16, no.6, pp.652–662,
2000.
[5] Antonio Bicchi, Vijay Kumar, “Robotic Grasping and Contact : A Review”, International
Conference on Robotics and Automation, pp.348–353, 2000.
[6] ????,??????????? A Complete Guide to Furoshiki. ???????, 2011.
[7] Car Wrap (http://www.carconversions.nl), ?2016? 7????
[8] ???????????:??? (https://www.kango-roo.com), ?2016? 7????
[9] ???????? (http://kaigo.osweb.jp), ?2016? 7????
[10] Stephen Miller, Mario Fritz, Trevor Darrell, Pieter Abbeel, “Parametrized Shape Models for
Clothing”, International Conference on Robotics and Automation, pp.4861–4868, 2011.
-119-
[11] Christof Elbrechter, Robert Haschke, Helge Ritter, “Bi-Manual Robotic Paper Manipulation
Based on Real-Time Marker Tracking and Physical Modelling”, International Conference on
Intelligent Robots and Systems, pp.1427–1432, 2011.
[12] Jan Stria, Daniel Prusa, Vaclav Hlavac, Libor Wagner, Vladimir Petrik, Pavel Krsek, Vladimir
Smutny, “Garment perception and its folding using a dual-arm robot”, International Confer-
ence on Intelligent Robots and Systems, pp.61–67, 2014.
[13] Kimitoshi Yamazaki, Kotaro Nagahama, Masayuki Inaba, “Daily Clothes Observation from
Visible Surfaces Based on Wrinkle and Cloth-Overlap Detection”, IAPR Conference on
Machine Vision Applications, pp.275–278, 2011.
[14] John Schulman, Alex Lee, Jonathan Ho and Pieter Abbeel, “Tracking Deformable Objects
with Point Clouds”, International Conference on Robotics and Automation, pp.1130–1137,
2013.
[15] Yinxiao Li, Yan Wang, Michael Case, Shih-Fu Chang, Peter K. Allen, “Real-time Pose
Estimation of Deformable Objects Using a Volumetric Approach”, International Conference
on Intelligent Robots and Systems, pp.1046–1052, 2014.
[16] Yinxiao Li, Danfei Xu, Yonghao Yue, Yan Wang, Shih-Fu Chang, Eitan Grinspun, Peter
K. Allen, “Regrasping and Unfolding of Garments Using Predictive Thin Shell Modeling”,
International Conference on Robotics and Automation, pp.1382–1388, 2015.
[17] Li Sun, Gerardo Aragon-Camarasa, Simon Rogers, J. Paul Siebert, “Accurate garment sur-
face analysis using an active stereo robot head with application to dual-arm flattening”, In-
ternational Conference on Robotics and Automation, pp.185–192, 2015.
[18] Ioannis Mariolis, Georgia Peleka, Andreas Kargakos, Sotiris Malassiotis, “Pose and category
recognition of highly deformable objects using deep learning”, International Conference on
Advanced Robotics, pp.655–662, 2015.
-120-
[19] Arnau Ramisa , Guillem AlenyÃa˘ , Francesc Moreno-noguer , Carme Torras, “Using depth
and appearance features for informed robot grasping of highly wrinkled clothes”, Interna-
tional Conference on Robotics and Automation, pp.1703–1708, 2012.
[20] Pol Monso, Guillem AlenyÃa˘, Carme Torras, “POMDP approach to robotized clothes sepa-
ration”, International Conference on Intelligent Robots and Systems, pp.1324–1329, 2012.
[21] B. Willimon, I. Walker, and S. Birchfield, “A new approach to clothing classification using
mid-level layers”, International Conference on Robotics and Automation, pp.4271–4278,
2013.
[22] Kazuyuki Nagata, Natsuki Yamanobe, “Picking up a Towel by Cooperation of Functional
Finger Actions”, International Conference on Intelligent Robots and Systems, pp.1785–1790,
2009.
[23] ????, ????, ????, “???????????????????????
????”, ?????????, vol.15, no.2, pp.275–283, 1997.
[24] Yasuyo Kita, Fuminori Saito, Nobuyuki Kita, “A deformable model driven visual method for
handling clothes”, International Conference on Robotics and Automation, pp.3889–3895,
2004.
[25] Christian Bersch, Benjamin Pitzer, Soren Kammel, “Bimanual robotic cloth manipulation
for laundry folding”, International Conference on Intelligent Robots and Systems, pp.1413–
1419, 2011.
[26] Andreas Doumanoglou, Andreas Kargakos, Tae-Kyun Kim, Sotiris Malassiotis, “Au-
tonomous Active Recognition and Unfolding of Clothes using Random Decision Forests and




??”, ?????????, Vol.17, No.2, pp.282–290, 1999.
[28] ????,????,????, “????????????????????????
???????????”, ?????????, vol.18, no.5, pp.675–682, 2000.
[29] Stephen Miller, Jur van den Berg, Mario Fritz, Trevor Darrell, Ken Goldberg, Pieter Abbeel,
“A Geometric Approach to Robotic Laundry Folding”, International Journal of Robotics
Research, vol.31, no.2, pp.249–267, 2012.
[30] Jur van den Berg, Stephen Miller, Ken Goldberg, Pieter Abbeel, “Gravity-Based Robotic
Cloth Folding”, International Workshop on the Algorithmic Foundations of Robotics,
pp.409–424, 2010.
[31] Yinxiao Li, Yonghao Yue, Danfei Xu, Eitan Grinspun, Peter K. Allen, “Folding deformable
objects using predictive simulation and trajectory optimization”, International Conference on
Intelligent Robots and Systems, pp.6000–6006, 2015.
[32] Yuji Yamakawa, Akio Namiki, Masatoshi Ishikawa, “Motion Planning for Dynamic Folding
of a Cloth with Two High-speed Robot Hands and Two High-speed Sliders”, International
Conference on Robotics and Automation, pp.5486?5491, 2011.
[33] Yuji Yamakawa, Akio Namiki, Masatoshi Ishikawa, “Dexterous manipulation of a rhythmic
gymnastics ribbon with constant, high-speed motion of a high-speed manipulator”, Interna-
tional Conference on Robotics and Automation, pp.1896–1901, 2013.
[34] Yinxiao Li, Xiuhan Hu, Danfei Xu, Yonghao Yue, Eitan Grinspun, Peter Allen, “Multi-
Sensor Surface Analysis for Robotic Ironing”, International Conference on Robotics and
Automation, pp.5670–5676, 2016.
[35] ?????? (https://laundroid.sevendreamers.com/), ?2016? 7????
-122-
[36] FoldiMate (https://www.foldimate.com/), ?2016? 7????
[37] Hidetsugu Terada, Kazuyuki Yagata, “Motion Planning Approach of a Multi-Robot System
for Furoshiki" Wrapping Operation”, Journal of the Japan Society of Precision Engineering
vol.76, no.5, pp.546–551, 2010.
[38] Ryosuke Oya, Kotaro Nagahama, Kenji Miyake, Kimitoshi Yamazaki, Kei Okada, Masayuki
Inaba, “Dressing assistance with failure recovery actions based on cloth states recognition”,
The Robotics and Mechatronics Conference, 2A2-Q13, 2013.
[39] Tomoya Tamei, Takamitsu Matsubara, Akshara Rai, Tomohiro Shibata, “Reinforcement
Learning of Clothing Assistance with a Dual-arm Robot”, International Conference on Hu-
manoid Robots, pp.733–738, 2011.
[40] Takeo Igarashi, John F. Hughes, “Clothing Manipulation”, ACM Symposium on User Inter-
face Software and Technology, pp.91–100, 2002.
[41] He Wang, Taku Komura, “Manipulation of Flexible Objects by Geodesic Control”, Computer
Graphics Forum, vol.31, no.2, pp.499–508, 2012.
[42] Christian Smith, Yiannis Karayiannidis, Lazaros Nalpantidis, Xavi Gratal, Peng Qi, Dimos
V. Dimarogonas, Danica Kragic, “Dual Arm Manipulation?A Survey”, Robotics and Au-
tonomous Systems, vol.60, pp.1340-1353, 2012.
[43] ???????? (http://www.bellemaison.jp), ?2016? 7????
[44] ????????? (http://www.crystal-kobo.net/), ?2016? 7????
[45] ??????????????????? 170???. ????, 2009.
[46] Duncan McCallum, David Avis, “A linear algorithm for finding the convex hull of a simple
polygon”, Information Processing Letters, vol.9, issue.5, pp.201–206, 1979.
-123-
[47] Franco P. Preparata, Se June Hong. “Convex Hulls of Finite Sets of Points in Two and Three
Dimensions”, Communications of the ACM, vol.20, no.2, pp.87–93, 1977.
[48] Mingcen Gao, Thanh-Tung Cao, Tiow-Seng Tan, Zhiyong Huang, “Flip-flop: convex hull
construction via star-shaped polyhedron in 3D”, ACM SIGGRAPH Symposium on Interac-
tive 3D Graphics and Games, pp.45–54, 2013.
[49] Donald R. Chand, Sham S. Kapur, “An algorithm for convex polytopes”, Journal of the
ACM,vol.17, no.1, pp.78–86, 1970.
[50] Ronald L. Graham, “An efficient algorithm for determining the convex hull of a finite planar
set”, Information Processing Letters, vol.1, no.4, pp.132–133, 1972.
[51] R.A. Jarvis, “On the identification of the convex hull of a finite set of points in the plane”,
Information Processing Letters vol.2, no.1, pp.18–21, 1973.
[52] F. P. Preparata, S. J. Hong., “Convex hulls of finite sets of points in two and three dimensions”,
Communications of the ACM, vol.20, no.2 pp.87–93, 1977.
[53] A. M. Andrew, “Another Efficient Algorithm for Convex Hulls in Two Dimensions”, Infor-
mation Processing Letters. vol.9, no.5, pp.216–219, 1979.
[54] Ronald L. Graham, F. Frances Yao, “Finding the convex hull of a simple polygon”, Journal
of Algorithms, vol.4 no.4, pp.324–331, 1983.
[55] Timothy L. Kay, James T. Kajiya, “Ray tracing complex scenes”, ACM Siggraph Computer
Graphics, vol.20, no.4, pp.269–278, 1986.
[56] Nancy M.Amato, Franco P. Preparata, “A Time-Optimal Parallel Algorithm for 3D Convex
Hulls”, Algorithmica, vol.14, no.2, pp.169–182, 1993.
[57] Timothy M. Chan, “Optimal output-sensitive convex hull algorithms in two and three dimen-
sions”, Discrete & Computational Geometry, vol.16, no.4, pp.361–368, 1996.
-124-
[58] C. Bradford Barber, David P. Dobkin, and Hannu Huhdanpaa, “The quickhull algorithm
for convex hulls”, ACM Transactions on Mathematical Software. vol.22, no.4, pp.469–483,
1996.
[59] Han? Ming Chen, Tzung? Han Lin, “An algorithm to build convex hulls for 3? D objects”,
Journal of the Chinese Institute of Engineers, vol.29, no.6, pp.945-952, 2006.
[60] Ladislav Kavan, Ivana Kolingerova, Jiri Zara, “Fast approximation of convex hull”, Interna-
tional conference on Advances in computer science and technology, pp.101–104, 2006.
[61] Yun-Hui Liu, Miu-Ling Lam,Dan Ding, “A complete and efficient algorithm for searching
3-D form-closure grasps in the discrete domain”, Transactions on Robotics, vol.20, no.5,
pp.805–816, 2004.
[62] Jens Gregor, “Data-driven problem reduction for image reconstruction from projections using
gift wrapping”, Transactions on Nuclear Science, Vol.58, no.3, pp.724–729, 2011.
[63] Esa Rahtu, Mikko Salo, and Janne Heikkilä, “A new convexity measure based on a proba-
bilistic interpretation of images”, Transactions on Pattern Analysis and Machine Intelligence,
vol.28, no.9, pp.1501–1512, 2006.
[64] Zhouhui Lian, Afzal Godil, Paul L. Rosin, Xianfang Sun, “A New Convexity Measurement
for 3D Meshes”, International Conference on Computer Vision and Pattern Recognition,
pp.119–126, 2012.
[65] Henrik Zimmer, Marcel Campen, Leif Kobbelt, “Efficient Computation of Shortest Path-
Concavity for 3D Meshes”, International Conference on Computer Vision and Pattern Recog-
nition, pp.2155–2162, 2013.
[66] Bernard Marie Chazelle, “Convex decompositions of polyhedra”, ACM symposium on
Theory of computing, pp.70–79, 1981.
-125-
[67] Chandrajit Bajaj, and Tamal K. Dey, “Convex decomposition of polyhedra and robustness”,
SIAM Journal on Computing, vol.21, no.2, pp.339–364, 1992.
[68] Jyh-Ming Lien, Nancy M. Amato, “Approximate convex decomposition of polyhedra”, ACM
Symposium on Solid and Physical Modeling, pp.121–131, 2007.
[69] Robot Operating System (http://www.ros.org), ?2016? 7????
[70] Edsger W. Dijkstra, “A note on two problems in connexion with graphs”, In Numerische
Mathematik, vol.1, no.1, pp.269–271, 1959.
[71] Peter E. Hart, Nils J. Nilsson, Bertram Raphael, “A formal basis for the heuristic determina-
tion of minimum cost paths”, Transactions on Systems Science and Cybernetics, vol.4, no.2,
pp.100–107, 1968.
[72] Richard Bellman, “On a routing problem”, Quarterly of Applied Mathematics, vol.16, no.1,
pp.87–90, 1958.
[73] Michael L. Fredman, Robert Endre Tarjan, “Fibonacci Heaps And Their Uses In Improved
Network Optimization Algorithms”, Annual Symposium onFoundations of Computer Sci-
ence, pp.338–346, 1984.
[74] Michael L. Fredman, Robert Endre Tarjan, “Fibonacci heaps and their uses in improved
network optimization algorithms”, Journal of the ACM, vol.34, no.3, pp.596–615, 1987.
[75] Maxim Likhachev, Geoff Gordon, Sebastian Thrun, “ARA*: Anytime A* search with prov-
able bounds on sub-optimality”, Advances in Neural Information Processing Systems,2003.
[76] Benjamin Cohen, Sachin Chitta, Maxim Likhachev, “Search-based planning for manipulation
with motion primitives”, International Conference on Robotics and Automation, pp.2902–
2908, 2010.
-126-
[77] Benjamin Cohen, Gokul Subramanian, Sachin Chitta, Maxim Likhachev, “Planning for Ma-
nipulation with Adaptive Motion Primitives”, International Conference on Robotics and
Automation, pp.5478–5485, 2011.
[78] Benjamin Cohen, Sachin Chitta, Maxim Likhachev, “Single-and dual-arm motion planning
with heuristic search”, The International Journal of Robotics Research, vol.33, no.2, pp.305–
320, 2014.
[79] Lydia E Kavraki, Petr Švestka, Jean-Claude Latombe, Mark H Overmars, “Probabilistic
Roadmaps for Path Planning in High-Dimensional Configuration Spaces”, Transactions on
Robotics and Automation, vol.12, no.4, pp.566–580, 1996.
[80] James J. Kuner, Steven M. LaValle, “RRT-Connect: An Efficient Approach to Single-Query
Path Planning”, International Conference on Robotics and Automation, vol.2, pp.995–1001,
2000.
[81] RobertBohlin, Lydia E. Kavraki. “Path planning using lazy PRM”, International Conference
on Robotics and Automation, vol.1, pp.521–528, 2000.
[82] Sertac Karaman, Emilio Frazzoli, “Sampling-based Algorithms for Optimal Motion Plan-
ning”, International Journal of Robotics Research, vol.30, no.7, pp.846–894, 2011.
[83] Sertac Karaman, Matthew R. Walter, Alejandro Perez, Emilio Frazzoli, Seth Teller, “Anytime
motion planning using the RRT*”, International Conference on Robotics and Automation,
pp.1478–1483, 2011.
[84] Nathan Ratliff, Matthew Zucker, J. Andrew (Drew) Bagnell, Siddhartha Srinivasa, “CHOMP:
Gradient optimization techniques for efficient motion planning”, International Conference on
Robotics and Automation, pp.489–494, 2009.
-127-
[85] Mrinal Kalakrishnan, Sachin Chitta, Evangelos Theodorou, Peter Pastor, Stefan Schaal,
“STOMP: Stochastic Trajectory Optimization for Motion Planning”, International Confer-
ence on Robotics and Automation, pp.4569–4574, 2011.
[86] Matthew Zucker, Nathan Ratliff, Anca Dragan, Mihail Pivtoraiko, Matthew Klingensmith,
Christopher Dellin, J. Andrew Bagnell, Siddhartha Srinivasa, “CHOMP: Covariant Hamil-
tonian Optimization for Motion Planning” International Journal of Robotics Research,2013,
vol.32, no.9-10, pp.1164–1193, 2013.
[87] Ixchel G. Ramirez-Alpizar, Kensuke Harada, Eiichi Yoshida, “Motion planning for dual-
arm assembly of ring-shaped elastic objects” International Conference on Humanoid Robots,
pp.594–600, 2014.
[88] Jean-Philippe Saut, Mokhtar Gharbi, Juan Cortés, Daniel Sidobre, Thierry Siméon, “lanning
Pick-and-Place Tasks with Two-Hand Regrasping”, International Conference on Intelligent
Robots and Systems, pp.4528–4533, 2010.
[89] Kensuke Harada, Tokuo Tsuji, Kazuyuki Nagata, Natsuki Yamanobe, Hiromu Onda, Yoshi-
hiro Kawai, “Object placement planner for robotic pick and place tasks”, International
Conference on Intelligent Robots and Systems, pp.980–985, 2012.
[90] Kensuke Harada, Torea Foissotte, Tokuo Tsuji, Kazuyuki Nagat, Natsuki Yamanobe, Akira
Nakamura, Yoshihiro Kawai, “Pick and Place Planning for Dual Arm Manipulators”, Inter-
national Conference on Robotics and Automation, pp.2281–2286, 2012.
[91] Weiwei Wan, Kensuke Harada, “Developing and Comparing Single-arm and Dual-arm Re-
grasp”, Computing Research Repository, abs/1509.02302, 2015.
[92] Nikolaus Vahrenkamp, Dmitry Berenson, Tamim Asfour, James Kuffner, Rüdiger Dillmann,
“Humanoid Motion Planning for Dual-Arm Manipulation and Re-Grasping Tasks”, Interna-
tional Conference on Intelligent Robots and Systems, pp.2464–2470, 2009.
-128-
[93] Lillian Y. Chang, Siddhartha S. Srinivasa, Nancy S. Pollard, “Planning pre-grasp manipula-
tion for transport tasks”, International Conference on Robotics and Automation, pp.2697–
2704, 2010.
[94] Daniel Kappler, Lillian Chang, Markus Przybylski, Nancy Pollard, Tamim Asfour, Rüdiger
Dillmann, “Representation of pre-grasp strategies for object manipulation”, International
Conference onIn Humanoid Robots, pp.617–624, 2010.
[95] Clemens Eppner, Oliver Brock, “Planning grasp strategies That Exploit Environmental Con-
straints”, International Conference onIn Humanoid Robots, pp.4947–4952, 2015
[96] ???,???? ,????, “????????????????????????
???????”, ??????, vol.78, no.6, pp.511-516, 2012.
[97] ?????,????,????, “??????????????????????”,
????????? (C?), vol.67, no.662, pp.3212–3218, 2001.
[98] ???,????,????,????, “????????????????????
??”, ?????????, vol.12, no.5, pp.751–758, 1994.
[99] ????,????,???, “??????????????????”, ?????
????, vol.14, no.1, pp.83–90, 1996.
[100] Akihiro Kawamura, Kenji Tahara, Ryo Kurazume, Tsutomu Hasegawa, “Simple orientation
control of an object by regrasping using a dual-arm manipulator with multi-fingered hands”,
International Conference on Advanced Robotics, pp.1–6 ,2009.
[101] Kenji Tahara, Keigo Maruta, Akihiro Kawamura, Motoji Yamamoto, “Externally sensor-
less dynamic regrasping and manipulation by a triple-fingered hand with torsional fingertip
joints”, International Conference on Robotics and Automation, pp.3252–3257, 2012.
-129-
[102] Phongtharin Vinayavekhin, Shunsuke Kudoh, Jun Takamatsu, Yoshihiro Sato, Katsushi
Ikeuchi, “Representation and Mapping of Dexter-ous Manipulation through Task Primitives”,
International Conference on Robotics and Automation, pp.3722–3729, 2013.
[103] ????,????,????, “???????????????????: ???
??????????????” ??????????vol.14, no.1, pp.114–121, 1996.
[104] ?? ??, ?? ??, “????????????????”, ?????????,
vol.9, no.5, pp.560–571, 1991.
[105] Matthew T. Mason, “Mechanics and Planning of Manipulator Pushing Operations”, Inter-
national Journal of Robotics Research, vol.5, no.3, pp.53–71, 1986.
[106] Kevin M. Lynch, Matthew T. Mason, “Stable Pushing: Mechanics, Controllability, and
Planning”, International Journal of Robotics Research, vol.15, no.6, pp.533–555, 1996.
[107] ?? ??, ?? ??, “????????????????”, ?????????,
vol.13, no.8, pp.1115–1121, 1995.
[108] ?? ??, ??? ??, ?? ?, ?? ??, ?? ??, “???????????
??????????????????????”, ?????????, vol.19, no.8,
pp.1010–1017, 2001.
[109] Akansel Cosgun, Tucker Hermans, Victor Emeli, Mike Stilman, “Push Planning for Object
Placement on Cluttered Table Surfaces”, International Conference on Robotics and Automa-
tion, pp.4627–4632, 2011.
[110] Mehmet R. Dogar, Siddhartha S. Srinivasa, “A Framework for Push-grasping in Clutter”,
Robotics: Science and Systemss VII, 2011.
[111] Alex Lee, Henry Lu, Abhishek Gupta, Sergey Levine, Pieter Abbeel, “Learning Force-
Based Manipulation of Deformable Objects from Multiple Demonstrations”, International
Conference on Robotics and Automation, pp.177–184, 2015.
-130-
[112] Adrià Colomé, Antoni Planells, Carme Torras, “A Friction-Model-Based Framework for
Reinforcement Learning of Robotic Tasks in Non-Rigid Environments”, International Con-
ference on Robotics and Automation, pp.5649–5654, 2015.
-131-









・Naohiro Hayashi, Tetsuo Tomizawa, Takashi Suehiro, and Shunsuke Kudoh.  
    「Dual arm robot fabric wrapping operation using target lines」,  





  『日本ロボット学会学術講演会』、2P2-04、2014. 
  
   
著者略歴 
 
林 直宏（はやし なおひろ） 
 
１９８７年 １１月 東京都に生まれる 
２００６年 ３月 私立武蔵高等学校 卒業 
２００７年 ４月 明治大学理工学部機械工学科 入学 
２０１１年 ３月 明治大学理工学部機械工学科 卒業 
２０１１年 ４月 電気通信大学 大学院情報システム学研究科 
  情報メディアシステム学専攻 博士前期課程 入学 
２０１３年 ３月 電気通信大学 大学院情報システム学研究科 
  情報メディアシステム学専攻 博士前期課程 修了 
２０１３年 ４月 電気通信大学 大学院情報システム学研究科 
  情報メディアシステム学専攻 博士後期課程 入学 
２０１６年 １２月 電気通信大学 大学院情報システム学研究科 
  情報メディアシステム学専攻 博士後期課程 修了 
 
日本ロボット学会会員 
IEEE (Robotics and Automation Society)会員 
 
